during game-simulation training drills of differing player number and shot-clock regulations. 23
A secondary aim was to determine whether the profiles were further influenced by players 24 classification. Methods: Eight elite WCR players (low-point n = 3; high-point n = 5) were 25 monitored using a radio-frequency based, indoor tracking system during training sessions 26 over a 5-month period. Speed profiles were collected for three modified game-simulation 27 drills: i) 3 vs. 3 drills (n = 8 observations); ii) 30-s shot-clock (n = 24 observations) and iii) 28 15-s shot-clock (n = 16 observations) and were compared with regular game-simulation drills 29 
1). 34
Minimal changes in speed profiles were observed during the 30-s shot clock, although 35 moderate to large increases in all measures were observed during the 15-s shot-clock drills. 36
Classification-specific differences were further identified, with increased activity observed 37 for high-point players during the 3 vs. 3 drill and for low-point players during the 15-s shot-38 clock. Conclusion: By reducing the number of players on court and the shot-clock to 15-s 39 coaches can significantly increase the speed profiles of elite WCR players during game-40 simulation drills. 41
INTRODUCTION 45
Wheelchair rugby (WCR) is a Paralympic team sport played by individuals with an 46 impairment that affects both upper and lower limbs such as spinal cord injuries, multiple 47 amputations, cerebral palsy and neuro muscular diseases.
1 Given the diversity of impairments, 48 players are classified using a point score depending on the severity of their impairment 49 ranging from 0.5 (most impaired) to 3.5 (least impaired). Teams are made up four players 50 whose total point score must not exceed 8 points at any given time. WCR is played over 8-51 minute quarters using a 'game-clock' whereby the time is stopped whenever a goal is scored 52 or an offence is committed. Other time regulations exist through the use of a shot-clock, 53 whereby teams have 40-seconds to score a goal once the ball has been inbounded and must 54 advance past the half-way line within 12-seconds otherwise possession is conceded. 
55
Recent research has revealed that WCR is an intermittent sport with players typically 56 covering distances of 2500-4600 m during competition, 3,4 with the majority of time spent 57 performing low speed activities interspersed with frequent bouts of high speed activities. 
58
Classification has also been shown to affect activity profiles during competition with greater 59 distances covered and higher peak speeds reached in higher classification players. Moreover, 60 low-point players (≤1.5) spend more time at very low speeds, yet perform more frequent high 61 speed activities than high-point players (≥2.0).
3 Furthermore, the ability to reach high peak 62 speeds and perform a greater number of high speed activities have been associated with 63 successful performance, specifically in the high-point players.
5 Subsequently, the physical 64 demands of WCR competition have been relatively well documented. The physical 65 preparation of athletes requires a multi-disciplinary approach to session planning whereby 66 coaches and practitioners manipulate the training environment to replicate the demands of 67 international competition. 6 However very few studies have explored the physical demands of 68 WCR training.
7-9 Game-simulation drills are a popular training modality with coaches from a 69 range of team sports because they enable a combination of technical, tactical and physical 70 elements of performance to be developed under competition-specific conditions and were 71
shown to account for 44% of total training time in WCR. 9 Rhodes et al. 9 also revealed that 72 game-simulation drills offered the closest representation of the speed profiles observed 73 during elite competition compared to conditioning (continuous pushing drills designed to 74 develop physical capacity), game-related (half-court drills with coach interaction designed to 75 develop tactical plays under game-specific conditions) and skill-based drills (structured drills 76 designed to develop ball-handling skills). Despite this, subtle differences in speed profiles 77
were observed between game-simulation drills depending on the duration and timing method 78 enforced. It was revealed that 3-and 8-minute game-simulation drills using a 'game-clock' 79 underrepresented the peak speeds and high speed activities observed during competition. 
80
Alternatively a 10-minute running clock, whereby timing is continuous and not paused at any 81 point, provided a better representation of competition-specific speed profiles, irrespective of 82 classification.
9 While such results have provided an insight into current WCR training 83 practice, it is currently unclear how game-simulation drills can best be utilised to prepare elite 84
WCR players. 85
Research in able-bodied team sports have extended the examination of game-86 simulation drills to explore the impact of manipulating the number of players on court during 87 game-simulation drills [10] [11] [12] [13] [14] [15] [16] and modified game rules 12 on players' activity profiles. By 88 reducing player numbers, players have been shown to spend more time performing high 89 speed activities during rugby-14 and soccer-specific 15 drills. Unfortunately no such 90 information exists with regards to WCR. It is also essential to understand the variability 91 typically observed in activity profiles to determine whether any differences between training 92 modalities are meaningful, which has been adopted by research into able-bodied team 93 sports. [17] [18] [19] Subsequently the aim of the current study was to firstly determine the between 94 observation variability in speed profiles during regular WCR game-simulation drills. The 95 primary objective was then to compare the speed profiles of elite WCR players during game-96 simulation drills, whilst modifying both player number and shot-clock regulations, in relation 97 to regular game-simulation drills. A secondary aim was to determine whether these 98 team were in possession of the ball, of which they had the stipulated time to score otherwise, 136 they conceded possession. The speed profiles of all modified drills were compared to that of 137 regular game-simulation drills with a 10-minute running-clock format and 40-second shot 138 clock (n = 16 observations). The order in which the drills were performed were randomly 139 varied across the collection period, with a training observation characterised for each 140
individual as the accumulation of activity observed during the respective four quarters of that 141 drill. Speed profiles for game-simulation drills were therefore presented as the mean of all 142 training observations for each individual player. Game-simulation drills were preceded by a 143 20-minute standardised warm-up involving moderate-to high-intensity continuous pushing, 144 dynamic stretching and maximal linear sprints. Coaches verbally encouraged the players 145 throughout the drills. 146
Measures 147
Mean and peak speed (m·sˉ¹) were analysed during the aforementioned training drills for 148 each player. The relative time spent in five arbitrary speed zones was calculated based upon 149 the percentage of each player's mean peak speed attained during the regular game-simulation 150 drills. The percentage thresholds as previously used in team sports, 3,21 were: very low (≤ 151 20%), low (21-50%), moderate (51-80%), high (81-95%) and very high (> 95%). These 152 thresholds were subsequently used to calculate the ratio of time spent performing high speed 153 activities (high and very high speed zones) in relation to low speed activities (very low and 154 low speed zones) to determine the exercise-intensity ratio (H:L) as used previously within 155
WCR.
9 Further analysis of the combined time spent in high and very high speed zones was 156 extended to include the time spent (%), relative number (n·minˉ¹), and the mean distance (m) 157 and duration (s) of high speed activities. 158
Statistical Analyses 159
Data were processed and analysed using a customised Excel spreadsheet (Microsoft, 160
Redmond, USA). Data are presented as mean ± SD for each parameter reported. Between-161 observation variability of the measures was calculated from the regular game-simulation 162 drills (10-minute running-clock, 40-second shot clock) from a larger cohort of athletes (n = 163 26 observations; LP = 10 observations; HP = 16 observations) 9 and were expressed using the 164 coefficient of variation (CV [%]) and presented with 95% confidence limits (CL) as markers 165 of the estimates uncertainty. Effect sizes (ES) were calculated as the ratio of the mean 166 difference to the pooled standard deviation of the difference. Data were interpreted using ES 167 with 95% confidence intervals (± CI) and the percentage change to determine the magnitude 168 of effects, classified as trivial < 0.2; small 0.2 to 0.6; moderate 0.6 to 1.2; large 1.2 to 2.0; and 169 very large > 2.0. 22 The smallest worthwhile change (SWC; %) in speed profiles were defined 170 as 0.2 multiplied by the between subject standard deviation. 23 The
RESULTS

176
The between-observation variability and SWC in speed profiles are reported in Table 1 . 177
Overall, variability was greatest for the time spent performing high speed activities (22.4% 178 CV) and the relative number of high speed activities performed (16.0% CV). Lowest 179 variability was observed for mean (1.9% CV) and peak speed values (2.4% CV). Between-180 observation variability was also shown to be greater in LP compared to HP (Table 1) . 181 182 moderate to large decreases in peak speed (1.7%; ES = 0.7; 95% CI 0.5 to 0.9), the relative 211 time spent performing high speed activities (22.6%; ES = 1.4; 95% CI 1.1 to 1.7) and the 212 mean distance (21.0%; ES = 1.1; 95% CI 0.9 to 1.3) and duration (22.9%; ES = 1.1; 95% CI 213 0.8 to 1.4) of these activities were observed in relation to regular game-simulation drills for 214 LP (Figure 2) . Alternatively, the 15-second shot-clock drills elicited large to very large 215 increases in mean speed (19.7%; ES = 2.0; 95% CI 1.8 to 2.2), peak speed (11.9%; ES = 1.8; 216 95% CI 1.6 to 2.0), exercise-intensity ratio (40.9%; ES = 2.3; 95% CI 2.0 to 2.6), the time 217 spent performing high speed activities (41.9%; ES = 1.4; 95% CI 1.1 to 1.7) and the relative 218 number of high-intensity activities (62.5%; ES = 1.4; 95% CI 1.2 to 1.6) performed by LP 219 (Figure 2 ). For HP, large increases in mean speed (10.0%; ES = 1.2; 95% CI 1.0 to 1.4), peak 220 speed (7.4%; ES = 1.3; 95% CI 1.1 to 1.5) and the relative number of high-intensity activities 221 performed (50.0%; ES = 1.2; 95% CI 1.0 to 1.4) were observed in relation to regular game-222 simulation drills. Changes in player number and shot-clock regulations both influenced the speed profiles of 229 elite WCR players during game-simulation training drills. Classification-specific differences 230 in speed profiles were also identified between drills, most notably during the 3 vs. 3 and 15-231 second shot clock manipulations for LP and HP respectively. These findings provide an 232 evidence-base upon which to plan and periodise classification-specific training strategies to 233 prepare players for international competition. 234
The current study was the first to explore the variability in speed profiles during WCR 235 training to facilitate the detection of meaningful changes in performance. Mean (1.9% CV) 236 and peak speed (2.4% CV) were shown to be the most stable measures of speed profiles 237 during WCR game-simulation drills, which were similar to the variations reported in peak 238 speed for soccer (2.4% CV), 17 rugby league (3.6% CV) 18 and Australian football (5.3% 239 CV). 19 In contrast, the variability in high speed activities observed in the current study (16-240 39% CV) was slightly greater compared to the aforementioned studies (18-20% CV). Such 241 findings are likely attributable to the notable differences in impairment severity, positional-242 between-observation variability. Regardless of classification, these findings suggest caution 252 is required when using high speed activities to interpret changes in a WCR players 253
performance. 254
Reducing the number of players on court from 4 vs. 4 to 3 vs. 3 whilst maintaining a 255 40-second shot clock had a substantial effect on the speed profiles observed during game-256 simulation drills. The relative number of high speed activities performed during the 3 vs. 3 257 drills increased with a moderate effect compared to regular game-simulation drills. Even 258 though this measure demonstrated large variability (16.0% CV), the magnitude of change 259 detected was twice the CV%, and several orders of magnitude larger than the SWC for this 260 parameter. The greater available court-ratio per player during the 3 vs. 3 drills (70.0 m² vs. 261 52.5 m²) was likely to account for the increased speed profiles based on the positive 262 correlations between increased relative pitch-ratio per player and activity profiles in able-263 bodied team sports.
11,14,16 Differences in speed profiles during the 3 vs. 3 drill were further 264 influenced by functional classification. Whilst speed profiles were comparable between 3 vs. 265 3 and regular 4 vs. 4 game-simulation drills for LP, HP performed at a higher mean speed and 266 exercise-intensity ratio during the 3 vs. 3 manipulation. The increased activity for HP was 267 likely due to the positional requirements during these drills. As offensive players, HP are 268 responsible for handling the ball and are typically more involved in the play than LP whose 269 defensive role primarily requires them to block opponents.
5,24 Subsequently, the reduced 270 passing options during 3 vs. 3 drills may instigate an increased activity from HP in order to 271 continually create space to receive the ball. These findings suggest that 3 vs. 3 drills provide a 272 greater stimulus for developing both aerobic and anaerobic capabilities in training than 273 regular game-simulation drills, especially in HP. 274
Reducing the shot-clock from 40-to 30-seconds had a limited influence on the speed 275 profiles of WCR players. Compared to regular game-simulation drills, the 30-second shot-276 clock increased the mean speed of players by ~3%. However such a change may have a 277 relatively minor impact on training adaptation as even though minimal variability was 278 reported for mean speed (1.9% CV), the magnitude of change detected during these drills was 279 not large enough to interpret as a worthwhile change. Accordingly, it is important that 280 coaches and practitioners interpret changes based on the magnitude of change, rather than a 281 statistical difference. The comparable profiles between the 30-second shot clock and regular 282 game-simulation drills could be due to the fact that the average time of each offensive-play 283 during competition is typically less than 30-seconds (~23 seconds; unpublished data). 284
Therefore, a reduction from 40-to 30-seconds may not have been substantial enough to 285 significantly alter the activities of WCR players. The comparable speed profiles elicited 286 during the 30-second shot-clock manipulation drill were not conclusive for LP who 287 experienced a 22.6% decrease in the time spent performing high speed activities. While such 288 a change was larger than the SWC, the magnitude of change detected here was only 289 marginally greater than the CV for this parameter. Therefore, it is unclear whether this 290 change was a true reflection of the demands of this specific drill. 291
The greatest change in speed profiles were observed when the shot-clock was further 292 reduced to 15-seconds. Large to very large increases in mean and peak speed values occurred 293 during this manipulation. Furthermore, players performed ~57% more high speed activities 294 during the 15-second shot-clock drills (1.1 per minute) compared to regular game-simulation 295 drills (0.7 per minute). The magnitude of change detected during the 15-second shot-clock 296 drill was again more than double the between-observation variability. However, given the 297 high variability of the number of high speed activities observed in the current study, 298 individual responses should be monitored to ensure that all players receive the intended 299 training stimulus.
14 LP actually performed at a greater mean speed (1.43 m·sˉ¹) and exercise-300 intensity ratio (1:2.2) to values previously observed during WCR-specific conditioning drills 301 (1.32 m·sˉ¹; 1:2.4). 9 Coaches may therefore achieve the required dose of conditioning for LP, 302 whilst maintaining the sport specificity during the 15-second shot-clock game-simulation drill. 303
An advantage of game-simulation drills is the potential multifunctional training benefit they 304 provide by simultaneously addressing physical, tactical and technical aspects of performance 305 altogether. 13 However, increasing the speed profiles of drills may also elicit changes in the 306 quality of technical actions. 15 It is plausible to suggest players may not be able to consistently 307 sustain the technical skills required and as such, training may become counterproductive in 308 terms of technical performance. Unfortunately, this has not been empirically examined and 309 was outside the scope of this study, although worthy of future investigation. 310
Future studies could also benefit from exploring other subtle rule changes that could 311 be used to manipulate players' activity profiles during game-simulation drills. For instance, 312 time stipulations could be implemented for teams to cross the half court, to further increase 313 workload. In addition, research into the effects of different number of repetitions of each drill 314 with different rest periods would further benefit coaches with training prescription. As 315 previously reported by Paulson et al. 8 high speed profiles do not always equate to high 316 physiological loads, since maintaining momentum is physically less demanding than 317 activities requiring high intensity accelerations. Unfortunately the indoor tracking system 318 does not sample at a frequency capable of accurately quantifying acceleration to help 319 investigate this statement. However, the inclusion of mean distance and duration of high 320 speed activities does provide coaches with some insight as to whether changes in speed 321 profiles result from longer or more frequent efforts. Subsequently future research would be 322 advised to collect data about acceleration performance during different drill types, but should 323 also explore the effect that these drills can have on a players internal responses as well as the 324 impact the drills may have on aspects of their technical performance. This would provide 325 coaches with even more detailed information about which drills should be prescribed at 326 specific points throughout the season. 327
328
PRACTICIAL APPLICATIONS 329
Although specific training objectives alter throughout the season, the ultimate objective of 330 training during the competitive phase of the season should be to induce similar responses to 331 those encountered during competition. The current data provide evidence that subtle changes 332 to the design of game-simulation drills can influence the external training responses of elite 333 WCR. Coaches can subsequently impose a greater external load on players simply by 334 reducing the shot-clock to 15-sec. A reduction in player numbers from 4 vs. 4 to 3 vs. 3 is 335 another strategy that can be employed by coaches to overload players, although as previously 336 highlighted this effect was more pronounced for HP. Therefore a players classification must 337 also be considered. 338
339
CONCLUSIONS 340
The current study demonstrated that reducing the shot-clock from 40-to 30-sec during game-341 simulation drills has little bearing on the speed profiles of elite WCR players, whereas a 15-342 sec shot clock increased the mean speed and high speed activities experienced by players. A 343 reduction in player numbers from 4 vs. 4 to 3 vs. 3 has a similar impact on the speed profiles 344 of WCR players, although this response was only observed for HP. 
Speed profiles
Mean speed (m·sˉ¹) 1.9 ± 0.1 2.6 2.5 ± 0.1 1.6 1.9 ± 0.1 1.7
Peak speed (m·sˉ¹) 2.4 ± 0.2 2.3 2.9 ± 0.1 0.7 2.4 ± 0.1 1.4
Exercise-intensity ratio (H:L) 6.8 ± 0.3 4.4 6.8 ± 0.7 5.1 5.8 ± 0.3 3.6
High speed activities
Time spent (%) 22.4 ± 0.5 8.9 38.8 ± 0.9 9.7 22.4 ± 0.7 6.4
Relative number (n minˉ¹)
16.0 ± 0.1 6.3 23.9 ± 0.2 7.0 16.0 ± 0.1 6.0
Mean distance (m) 6.6 ± 0.9 6.2 20.5 ± 1.6 8.2 6.6 ± 0.9 4.5 Mean duration (s) 4.5 ± 0.2 4.7 12.5 ± 0.4 6.0 4.5 ± 0.3 3.6
